Introduction
GIDDINESS is a prominent symptom after many head injuries, and though the subject of much research, its oetiology in general, and in individual cases, has remained a matter for dispute. In view of the consequent difficulty in assessment and therapy it appeared worth while doing further investigations.
All types of head injury seen at a busy neurosurgical centre have been included in the investigation, excluding only facial injuries or simple scalp wounds with no evidence of cerebral concussion or contusion. Of over 400 cases, 30 per cent. had a complaint of giddiness. In half of these there were definite hallucinations of movement, subjective or objective. The term " vertigo " is used exclusively for such cases in this paper. The majority of the remainder complained of unsteadiness on alteration of posture, and there were some where the symptom was associated with " blackouts," headaches, nausea and vomiting, or impairment of equilibrium. There was bleeding from the ear, deafness or tinnitus, nystagmus or visual disturbance (diplopia or blurred vision) in the initial stages of most cases with giddiness as a symptom.
Giddiness without hallucination of movement was almost always of minor degree and limited duration. Vertigo (as defined above) adhered to a fairly regular pattern; it appeared soon after injury, it recurred at regular stages in convalescence, and in many cases persisted for months or years afterwards. Such considerations suggested that there was some organic lesion common to these cases and it seemed probable that it involved either the labyrinth or its central connections in the brain. It seemed that tests of vestibular function should indicate the frequency of such a lesion, whether it were peripheral or central.
The first series of 50 cases tested was not consecutive, but apart from a group of 10 with fracture of the petrous bone (proved by X-ray), and a few others with bleeding from the ear, was unselected, the tests being done as opportunity arose during the course of routine work. Cases with and without giddiness as a symptom were tested. A second series of 14 cases (7 of which had been included in the first series) was tested by a different technique, in view of recent research findings. Finally, a series of 449 cases of head injury (including the first series of 50 cases having vestibular tests) was studied in detail with reference to the symptom of giddiness and its possible causes.
Previous Investigations.-Despite the many investigations carried out with vestibular tests in head injuries, and though all are agreed upon the high incidence of abnormalities, the consistent findings are few. Mygind (1918) , Linthicum and Rand (1931) , Barre and Greiner, and Bremer et al. (1932) , have all commented on the absence of any close relationship between vestibular and acoustic abnormalities in head injury. Mygind states that falling and vertigo resulting from caloric tests are slight or absent. Eagleton (1922) states that with concussion of the brain or increased pressure in the posterior fossa " there is restricted response on the affected side with a prolonged interval between the application of the stimulus and the inception of the vertigo response ". Linthicum and Rand found abnormalities of past pointing reactions the most constant observation, and infer mixed central and end organ damage or central (i.e. brain) damage alone in most cases. Bremer et al. state that " vestibular disorders are manifested by hypo-excitability with caloric and rotatory tests ", and that " hyperexcitability exists only with recent trouble or with lesions of central origin ". Barre and Greiper, and Portmann and Despons (1937) , however, found more often a hyperactivity. Hofmann (1925) H:
motor changes and instability might largely account for the great variations in findings. Hallpike and others (1942 and have introduced a new method of caloric testing which eliminates certain fallacies and distinguishes two main types of vestibular lesion and their combinations shown in temporal lobe lesions and Meniere''s disease.
Vestibular Tests (First Series) 50 Cases Method The technique adopted for the performance of these tests was simple, necessitated by considerations of time, staff, and equipment, but all cases were tested personally, with the assistance of one nurse. Hearing was tested in each ear by a whisper. Deafness was recorded when this was not heard at twenty feet in a quiet room. A tuning fork (C256) was used to perform the Weber and Rinne tests and to test the absolute bone conduction, enabling a distinction to be made between middle and inner ear deafness. Spontaneous phenomena, such as nystagmus, past pointing and falling (Rombergism) were recorded at the time of the tests. Rotation (ten times in twenty seconds with the head inclined 300 forwards) was performed on 16 cases sitting in a revolving chair. As this test did not give any promise of further useful information, it was then abandoned.
Caloric tests were done in all cases. The method adopted was the original one of Barany, as described by Isaac Jones (1918) and Northington (1939) . Cold water ,of a temperature 650 F. was run from a douche can one foot above the patient's ear, through a rubber tube and glass nozzle held in the external auditory meatus. The patient sat with his head inclined forward at an angle of 300 and the observer sat in front of him holding a watch on which the patient fixed his eyes, intermittently at first so as to avoid tiring. The time after commencing douching at which nystagmus first appeared with moderate lateral deviation of the eyes was noted, and the douche continued for another ten seconds. Past pointing was then tested and the presence or absence of vertigo and falling noted. The head was then tilted backwards 600, nystagmus again observed (being normally now horizontal and of greater amplitude than before when it was rotatory), past (Table II) .
Nearly all cases showed less induced vertigo than the controls, and it was later in relation to the nystagmus. (Jones, 1918; Northington, 1938 (2, 7, 9, 13, 17, 24, 26, 44) had symmetrical delay in the appearance of nystagmus. Two of these (2, 26) had clinical signs of focal brain injury to cerebellum or brain stem and gave grossly abnormal past pointing responses. Two other cases (10, 11) had grossly abnormal past pointing responses without apparent delay in the appearance of induced nystagmus, and two (2, 12) gave " perverted " nystagmus (e.g. vertical instead of horizontal with the head tilted back). These were classed as abnormalities of the " central " type.
The follow-up indicated a relationship, although not an absolute one, between the degree of abnormality in response, and the duration of disability, in cases complaining of vertigo. The four cases with little or no response from one or other ear in 5 minutes all had vertigo lasting over a year. Cases with a complaint of vertigo for 6 weeks or bore after injury all had gross delay in response or " central " types of abnormality, except for one case (8) which had an unusual complaint after return to work (see Remarks column, Table I ). The patient's account of this phenomenon remained quite constant, and he remained at work. There was a high proportion (4: 7) of relapses in the cases with vertigo persisting 6 weeks or more who returned to work in less than 4 months; in each case, vertigo was the major symptom causing relapse. Demonstrable inner ear deafness and spontaneous nystagmus were very frequent in cases with a complaint of vertigo. One or other of these signs was present in all cases with vertigo lasting more than 6 weeks after injury, except in two cases that had bilateral middle ear deafness and signs of subacute catarrhal otitis media (13) (b) Cases without Vertigo.-There were 24 cases in the series tested who had no symptom of vertigo and 18 gave abnormal responses. Of these, 10 had a delay of 2 minutes or more in the appearance of nystagmus, and two showed " central " abnormalities (of past pointing responses). Seven of these cases, however, had giddiness not classed as vertigo (i.e. no clearly described hallucination of movement). These all had grossly abnormal responses except one (31) with occipital fracture and hypertension, and a delayed, but steady convalescence.
In cases without giddiness as a symptom, the degree of abnormality of response corresponded in some degree with the duration of disability shown by the follow-up except where there was evidence of a local aural lesions (36, 41, 46 It is seriously suggested that the hammer and chisel work on the bone at the second operation was equivalent to a second head injury, this time of closed type, and may help to explain why his responses (with greater delay on the side opposite injury) were comparable to those of most closed injuries (cf. 32 who was struck repeatedly with a hammer, but in the frontal region near the midline). The fourth case with dural penetration having a delayed response on the opposite side was one (34) of frontal fracture near the midline. Though the dura was torn, the wound was not of the usual penetrating type, being caused by blunt injury (he collided with a lorry when riding a motor cycle) and causing widespread frontal contusion. The wound involving scalp, bone, and dura, was several inches long vertically and not more than i in. wide, i.e. it was of the " split " variety (without depression of bone). Thus this case was also really comparable with closed injuries.
Three cases with dural penetration had greater delay in caloric response on the same side as the cranial injury. Of these, one (4) was an extensive bomb wound involving the L. occipital lobe (the cranial injury is described as occipito-parietal in Table I , but it extended to the midline); one (29) was an extensively depressed and comminuted fracture of the L. vertex; the third (32) was a depressed fracture of the frontal region (a disc of bone being separated by the hammer mentioned above).
To summarize: With open and closed injuries the commonest abnormality was a delayed cold caloric response on the opposite side of the cranial injury, the principal exceptions being some cases of open injury, with penetration of dura. In these latter, and in two closed injuries that were also exceptions to the general rule, the site of injury lay close to the midline of the skull. It is possible that the mechanism of injury (e.g. the force of the blow) may be significant in this connection.
Symmetrical Responses
Special considerations apply to cases where the responses from each ear were within normal limits or equally delayed (i.e. within 20 seconds of each other). In all, there were 18 cases with fracture of the petrous bone or bleeding from the external auditory meatus. In addition there were 4 others (9, 14, 26, 46) with local contusion of the ear or immediately adjacent. Of these 22 cases, 13 (3, 5, 14, 15, 16, 18, 23, 28, 33, 35, 36, 41, 46) had grossly asymmetrical responses, one (27) a slightly asymmetrical response, while 8 (7, 8, 9, 11, 12, 26, 39, 49) had symmetrical responses. The cases with symmetrically delayed responses included three of these with aural injury (7, 9, 26); one (2) with bilateral occipital fracture; one (24) with occipital contusion; and three others, one (17) with frontal fracture; one (13) (47) occipito-parietal). All these cases had a short uninterrupted convalescence, even the two (31, 49) with hypertension.
The distribution of closed injuries with and without fissured fracture of the skull may be significant. Excluding cases with petrous fractures or bleeding from the ear (which were to some extent selected), and four other cases with temporal contusion, there remain 13 closed injuries with abnormal responses. Of these, six had fissured fractures of the skull, while seven had contusion or laceration of the scalp without fracture. In conjunction with the finding that responses from cases with penetrating injury on the whole do not show as great abnormality as those with severe closed injuries, this suggests that probably solution of continuity of the skull (per se) leads to less abnormality of caloric response (cf. greater incidence of the symptom of vertigo in closed injuries).
RELATION OF COLD CALORic RESPONSES TO PRESENCE
OF DEAFNESS, AND SPoNTANEous NYSTAGMUS (TABLE IV) There were 11 cases of indubitable inner ear deafness recorded (and three (7, 12, 33) ((4) and (29) (8) had symmetrical responses within normal limits with bilateral deafness R. more than L., while the deafness on the R. was the third most severe in the series, hearing low voice at 15 inches on the R. with the L. ear masked. One case (2) of severe closed occipital injury had bilateral deafness with symmetrical responses. With reference to the effect of apparent destruction of the labyrinth in (14), causing sub-total elimination of the cold caloric response on that side, it should be mentioned that three other cases with sub-total or complete deafness and minimal or absent response on the same side have been encountered. Two had penetrating wounds involving the petrous with subsequent infection, and one (J. P., in the second series with hot and cold tests) was a closed injury with no external evidence of any lesion involving the ear. It is rather surprising to find that (15) with a history of severe infection and almost complete deafness had a brisk response (in 45 seconds) on the injured side, though, owing to the phenomenon of directional preponderance some depression of the cold caloric response could be expected on the other side.
It has been noted that (a) inner ear deafness may be present in the absence of demonstrable fracture of the petrous bone (2, 4, 5, 6, 8, 14, 29) or of obvious cold caloric test abnormality (8). (b) It may not be present where there is fracture of the petrous bone (11, 23, 36, 49 There were nine cases in the series which had marked " central " types of abnormal response, i.e. abnormalities in the direction of the induced nystagmus or past pointing. One of these cases (2) had a syndrome of gross cerebellar contusion, and four others (3, 5, 26, 40) had well marked clinical signs of brain stem contusion. Such signs are inequality of pupils or abnormality of their reactions, defective conjugate ocular movements, occasionally other cranial nerve palsies, nystagmus -vertical nystagmus especially is said to be pathognomonic-and interference with the long tracts, motor or sensory. Asymmetry and delay of times for nystagmus responses from each ear in cases with "central" abnormalities was minimal, except in two cases (3, 5) where there was also evidence of peripheral ear damage. The finding that asymmetrical responses from some cases of penetrating brain injury differed from the rest (i.e. in the side of the more delayed response) seems to be of general rather than local significance as the injuries were at different sites. The main feature these injuries had in common was their proximity to the midline (32 frontal, 29 vertex, 4 occipital).
The effect of striking the skull laterally, when it is not fixed, is to cause rotation round a sagittal axis. This causes shearing strains in the brain (Holbourn, 1943) accounting for the so-called contre-coup effect, which is not likely to be caused by bumping of the brain on the far side of the skull. Contre-coup effect may mean greater damage on the side opposite cranial injury because changes in rotational velocity are usually greater at the pole opposite to the point of impact (Lancet, 1943) . In cases with cranial injury near the midline, the stresses caused in the brain differ from those caused by lateral blows and damage is unlikely to be so asymmetrical. With penetrating brain injuries near the midline (e.g. 4, 29, 32) the local brain injury is likely to be much more severe than any damage to the opposite pole. In this they differ from most closed injuries, and this may explain why the three cases mentioned were exceptions to the general rule in having a delayed caloric response on the side of cranial injury. The same considerations apply to two closed injuries (25, 45) In two cases of open skull fracture without dural penetration there was a difference in the mechanism of injury; in one (42) this was a fall from a cycle, in the other (43) a blow from a crowbar. In the latter, though local injury was near the midline, more rotational stress was probable, as with closed injuries. It was the one with delayed caloric on the side opposite cranial injury (Table III) .
Signs of focal "contre-coup " injury to the cerebral hemisphere in cases that survive are not common. The only case in this series showing such signs was possibly the open temporal injury (16) mentioned above. Two cases ofbrainstem lesion, however, had signs of injury on the side opposite the blow. These could be caused by impingement of the brainstem against the edge of the tentorium, or by rotation of the cerebrum about an axis passing thiough the midbrain with resulting strain.
(26) Boy of 12 years. Playing with friends, hit by ricochet of half a brick on the L. temporal region. Not unconscious and did not fall, but immediately had severe vertigo (rotatory, subjective, and objective) lasting about two minutes, followed later by headache, recurrent vertigo, and repeated vomiting. There was no vertigo after the first day. A week later he was noted to have vertical nystagmus on central fixation and coarse horizontal nystagmus looking right or left. There was marked loss of upward ocular deviation and convergence, with left internal rectus weakness. There was slight lower left facial weakness and weakness of the left arm and leg with left extensor plantar response. X-ray showed no skull fracture. C.S.F. was yellow, under low pressure (35 mm.). There was no deafness. Air encephalogram was normal. A cold caloric test 6 weeks after injury showed very depressed responses. There was no induced nystagmus from either side after 4 minutes with the head tilted 30°forwards and only very fine nystagmus with it tilted back. There were grossly abnormal past pointing responses, and falling and vertigo reponses from the L. ear only (i.e. the responses were actually a little more depressed on the R., the side opposite the site of cranial injury).
In this case the combination of ocular and left pyramidal signs indicated a lesion of the midbrain, on the right side, being above the pyramidal decussation. Such asymmetry of cold caloric responses as there was corresponded with that in most closed injuries, i.e. greater depression of the response on the side opposite cranial injury; (3) showed a similar combination of ocular and pyramidal signs. As with (26) there was a hemiparesis on the side of cranial injury and delayed caloric response on the opposite side. In this case there was also a petrous fracture and slight inner ear deafness. In contrast to these two, another case of brainstem lesion (40), without signs of damage to the ear, had a delayed caloric response on the same side as the hemiparesis. In this case, however, the cranial injury was situated centrally, in the occipital region. A similar mechanism to that causing injury in (26) operated in " slow motion " in another case after a very trivial initial injury.
(50) Bumped his head (R. vertex) on the door of-his delivery van. Continued work and thought nothing of it (no headache or giddiness) till a few days later he began to get headaches. These continued intermittently, gradually getting worse, and 8 weeks after the injury he was admitted to hospital in semi-coma with unequal inactive pupils. Gradual recovery ensued after a R. subdural hematoma was drained. There was no skull fracture. One month after operation cold caloric tests were done. Brisk responses were obtained (nystagmus, past pointing, vertigo, pallor, and sweating were much more marked than usual) in 20 seconds from the R. ear and in 1 minute 40 seconds from the L. ear. He left hospital symptom free 6 weeks after operation, and returned to work 5 days later. There was never any complaint of giddiness.
Here again the delayed response was on the side opposite to the site of cranial injury. The pupillary signs indicated the probability of compression of the brainstem from displacement by the haematoma. The quick recovery showed that this was not severe and the case has not been classed as one of brainstem lesion. The others which were so classed, had more localizing signs.
One case (5) was diagnosed as a brainstem lesion on account of a Homer's syndrome and sensory loss over the upper trigeminal area, both on the side of cranial injury. The caloric response was more delayed on the opposite side. Vertigo persisted over 18 months. There was a history of severe initial injury in this case, with a post-traumatic amnesia 5 weeks, and subsequent epilepsy. Air encephalography showed generalized dilatation of the ventricles.
Another case (6) had a severe initial brain injury with traumatic delirium 1 month and long period of disorientation and had severe progressive cerebral atrophy shown by repeated air encephalograms.
Here there were no abnormal focal signs in the C.N.S., and no fracture shown by X-ray. Vertigo was persistent. Caloric tests repeated 2 years after injury (S. S., Table II Hailpike (1944) has emphasized the desirability of doing both hot and cold caloric tests in an investigation of this sort. In tests done with the patient lying supine and the head flexed 300, the external semicircular canals then being vertical and in optimal position for thermal stimulation, depression of responses to both hot and cold irrigation occurs on the side of an external canal lesion, but with lesions of the utricle or the temporal lobe responses to hot and cold stimulation do not correspond in each ear. This is due to the phenomenon of " directional preponderance" of the nystagmus (Hallpike et al., , 1943 . With directional preponderance to the L., caused by R. utricular paresis or a lesion of the L. temporal lobe, the response of the L. ear to cold irrigation is depressed, and to hot irrigation is relatively more sensitive. At the same time the response of the R. ear is depressed with hot and more sensitive with cold stimulation. Thus a depressed cold caloric response may indicate a canal paresis of that side or a utricular tesion of the opposite ear, depending on whether the hot caloric response is depressed on the same or opposite side. In the latter case it might also be due to a lesion of the temporal lobe on the side of the depressed cold response, or perhaps to a lesion on the pathway between utricle and temporal lobe, e.g. in the brainstem. Combinations of these lesions may occur giving mixed patterns of canal and utricular pareses. These may result from purely peripheral lesions of the labyrinths as in cases of Meniere's disease (Hallpike, 1943) . Presumably a canal paresis could also be combined with directional preponderance due to a temporal lobe lesion. In view of these considerations further tests by the method of hot and cold stimulation in the supine position as described by Fitzgerald and Hallpike (1942) were done in 14 cases of head injury. For the purpose of checking, these cases were also tested by the original cold caloric method in the sitting position in most cases. In all these, delay in the cold caloric response from one ear as found with the first method always corresponded with a depression of the cold response in the same ear by the second method.
Results of Caloric Tests (Hot and Cold) ( Table V) . R. H. fell 9 ft. out of a bunk and was unconscious 12 hours. There was no skull fracture and no obvious scalp injury. There was nystagmus and giddiness on lateral ocular deviation but no other abnormal C.N.S. signs. Air encephalogram was normal. Epilepsy in the form of fits which began with a sense of subjective rotation persisted while under observation for over 3 years. EEG showed a grossly abnormal discharge in the L. temEopro-occipital region.
It may be that in this case epilepsy was the cause of the fall rather than vice versa, but it has been included in the series because of the EEG and the resemblance to cases of focal cerebral injury to be described later (see Table XI Here the clinical data clearly indicated a lesion of the R. labyrinth, so the well-marked delay of the L. cold caloric response in the sitting position may be an indication of a lesion of the R. utricle, by virtue of the phenomenon of directional preponderance (Hallpike, 1943 R. B. Penetrating wound R. temporal fossa with bullet lodging in the postero-inferior portion of the R. temporal lobe just above the floor of the middle fossa. Bleeding from the ear, but the fracture did not extend into the petrous. There was only a momentary loss of consciousness though memory appeared to be vague for some weeks. He had severe dysphasia. Vertigo-a feeling of rising off the ground-lasted for six weeks and was not present at the time of the test, 21 months after injury. There was no deafness at this time. Caloric testing by the first method showed gross delay in responses (3 minutes R., 4 minutes L.). The second group of tests appeared to indicate a L. canal paresis. Though there was minimal impairment of duration of nystagmus, its amplitude was very much smaller with both hot and cold irrigation on the L. side.
There was no clinical evidence of a lesion of the L. ear to account for a canal paresis in this case. Delay in the cold response on the R. side by the first method might be due to the R. temporal lobe lesion giving a L. utricular paresis. However, the greater delay on the L. should really indicate R. utricular paresis (cf. P. R.), which might be due to a lesion of the R. labyrinth-there was some bleeding from the ear, but no deafness or petrous fractureor a lesion of the L. temporal lobe or its connections. The latter was possible in this case as the patient was a R. handed man with dysphasia and at one time had a R. lower facial weakness. In the majority of cases which followed the general rule in either series, the findings may be explained by utricular paresis on the side of cranial injury. This may be caused by a labyrinth lesion on that side, a lesion which appeared probable in cases with inner ear deafness, or by a lesion of the temporal lobe or presumably of its connections in the brainstem, on the opposite side (cf. Fitzgerald and Hallpike, 1942) . The side of the brain, including the temporal lobe and its proximal connections, opposite the cranial injury is probably the more affected by rotational strain in most closed injuries of any severity. The effect of infratentorial strains on the lower vestibular pathways and centres in the medulla may differ from such effects in the midbrain and cerebrum, but an hypothesis of injury to the vestibular pathways, which cross the midline in the brainstem, provides adequate explanation for caloric abnormalities where there is no inner ear deafness, i.e. no independent evidence of labyrinth injury. In cases with labyrinth injury, utricular paresis effects from central (brain) and peripheral (labyrinth) lesions may be summated.
Cawthorne, Fitzgerald, and Hallpike (1942) In marked contrast to vertigo, other types of giddiness had an early onset in few cases (Table  VII) . In most it first appeared on getting up, and in many this was the only time of complaint. In some it occurred later with change in posture, stooping, more often in getting up from a stooping posture, or with increased activity. In a few cases where giddiness was related to change in posture, it was more severe and lon-g lasting after a prolonged stay in bed, with increasing age, and raised blood pressure. In the great majority of this group the symptom had ceased in less than 3 months after injury (Table VII The site of cranial injury may affect the location and severity of vestibular lesions in two ways: by conduction of force to the labyrinth or by damage to underlying brain, directly or by " contre-coup " (see earlier discussion on the effects of rotational stress). Injuries of the ear have been discussed by Colledge (1940) . He quoted experimental and pathological findings in closed head injuries. The principal findings of injury to the labyrinth without fracture were hlemorrhages in the neighbourhood of the round window and the first turn of the cochlea. Of petrous bone fractures there are four main types, longitudinal, transverse, oblique, and microscopical, involving the labyrinth capsule. The longitudinal is the most common, and with this one the middle ear is always involved, usually with rupture of the tympanic membrane, but the labyrinth escapes. (Table IX ).- Table IX shows that the highest incidence of giddiness (and vertigo) was in closed injuries without fracture, and the lowest in open injuries, especially those without penetration of dura. These figures are very striking if it is borne in mind that it is the latter which are caused by the more violent blows. It appears that diffuse rather than localized trauma and absence of solution of continuity of the skull are factors which favour the development of the symptom. This might be explained on a basis of greater general momentary deformation of the skull, with more widespread conduction of force, directly through the bone to the labyrinths, and directly or by the effect of rotational stress to the brain.
The higher incidence of the symptom in open injuries with penetration of dura as compared to open injuries without penetration may be partly related to the greater general trauma inflicted, but as will be shown later (Table XI) is much more certainly related to focal brain damage in particular cases.
Relation of Giddiness to Symptoms and Signs suggesting Peripheral or Central Lesions of the Vestibular System (Table X ).- Table X shows that all the listed symptoms and signs are associated with a higher incidence of giddiness, the lowest being with bleeding from the ear, which in itself indicates only external or middle ear damage. The percentage of cases having giddiness without such symptoms and signs is very low.
In testing hearing in general, ordinary clinical criteria only (whisper and one tuning fork C256) were used. Doubtless, therefore, the incidence of some degree of deafness after head injury is much higher than these figures suggest. Also, a distinction was not generally made between middle and inner ear deafness. In the 50 cases which were taken for the first series of caloric tests, this distinction was made and demonstrable inner ear deafness was found to be associated almost exclusively with a complaint of giddiness. (Table IA) . Bomb wound L. occipito-parietal region. There was intermittent unconsciousness and imperfect amnesia for a few hours. An extensive wound involving the occipital lobe was explored and healed by first intention. X-ray after the operation showed multiple widely scattered fragments of metal remaining in the posterior temporal and parietal regions of the brain. Attacks of rotatory vertigo began 6 weeks after injury. There was a R. lower quadrantic hemianopia and slight L. inner ear deafness (heard whisper 7 ft.). Otherwise he remained very well, being up and about.
Two years after injury he was still having attacks of vertigo (three in a fortnight). These lasted about a minute and consisted of a feeling of spinning round with loss of balance, apparent movement of external objects, and staggering gait. There was slight tinnitus. Slight L. inner ear deafness remained (whisper at 5 ft.) and there was a little unsteadiness in walking with the eyes closed. Repeated caloric tests (Tables IL and V) showed that the cold caloric response from the R. ear had remained minimal, while the pattern of responses by the second method of testing with hot and cold stimuli indicated a L. canal paresis combined with a directional preponderance to the L.
As mentioned earlier the last caloric tests indicated a crossed type of combined lesion by the criteria of G. L. (Table IA) . Three and a half years ago a piece of clinker had fallen 20 to 30 ft. on to his head, causing a depressed R. occipito-parietal fracture, which had remained unelevated. He had amnesia for several days, stayed 2 weeks in bed at hospital and a month in bed at home. Since then he had had headaches and giddy attacks about once a month, lasting 4 or 5 minutes. During the attacks he felt as if " everything seems to go round " and " head was spinning round." He could not remember after each attack events immediately preceding it. On medical advice he had done little work since the accident.
Examination showed an old depressed R. occipitoparietal fracture. There was nystagmus on lateral ocular deviation, more to the L. than the R. The L. pupil was larger than the R. and there was lack of convergence of the L. eye. The rest of the central nervous system showed no abnormal signs. An air encephalogram was normal. Cold caloric tests (by the first method) showed delay in response from the side opposite cranial injury (as with most closed injuries).
The ocular signs present in this case indicate that a brainstem lesion may have been present, though not giving such a definite syndrome as the six cases previously described. This, in the absence of deafness as a sign of peripheral labyrinth damage, might account for the vestibular reactions. The nature of the injury suggests that there was probably localized damage to the occipito-parietal cortex. The history of the symptom suggests that it may have been of epileptiform character.
Consideration of all these cases of focal injury to the cerebral cortex leads to the conclusion that there is a special relation between post-traumatic vertigo and injury to the cortex somewhere in the region of the temporal or parietal lobes.
Some patients with post-traumatic giddiness describe their symptom as a visual impairment, or say that " everything goes black ". This is generally associated with a feeling of unsteadiness, " as if I might fall ", or that " I have to take hold of something ". It may be momentary, associated with change in posture or increased activity and perhaps is due to vasomotor insufficiency, i.e. syncope. In some cases, however, patients describe visual impairment of longer duration, with actual falling, and sometimes with loss of consciousness. Such attacks are commonly described as " blackouts ". They tend to occur in the later stages of recovery as periodic and spontaneous attacks. Symonds (1942) stated that in some cases there is a transition to epilepsy, and describes such a case. Though none of the cases here described had quite as suggestive history as the one he quotes, the efforts of patients to describe their feelings before such an attack not infrequently suggested an epileptic aura. They would say " I have a feeling as if I am going to die ", or that everything becomes " muzzy " or " all mixed up ", or that " things seem unreal ". Sometimes the preliminary feeling would be one of rotatory vertigo (cf. G. L.).
In view of the fact that such relatively minor cases do not usually have evidence of focal cortical lesions it is worth remembering that loss of consciousness may occur in very severe cases of Meniere's syndrome (Brain, 1940) , and that vertigo (so often associated with post-traumatic headache) may occur in migraine (Brain, 1940) . A particular relation between disease of the peripheral sense organ and epilepsy has been noted by Brain (1933) , who described a small group of epileptics suffering from chronic suppurative otitis media who had vertigo as an aura. Treatment of the ears in these cases relieved the epilepsy, which was presumably of" reflex " nature. Fitzgerald and Hallpike (1942) in observations on directional preponderance of induced caloric nystagmus have emphasized an association between the vestibular apparatus and the temporal lobe. They quote Spiegel (1932) as demonstrating in the dog and cat that following localized application of strychnine to the posterosuperior parts of the temporal lobe, labyrinth stimulation may cause convulsions. Foerster (1936) noted in man that " stimulation of the superior lip of the interparietal sulcus evokes violent vertigo "; objects appeared to move towards the side of stimulation and there was a subjective sensation of turning towards the contralateral side. Brain (1938) stated that in cases of intracranial tumour " vertigo is of no localizing value since it may occur with a tumour in any situation". Symonds (1933) Mygind (1918) , Portmann and Despons (1937) , Glaser (1937) , and Rowbotham (1942) . Symonds (1942) 
